Introduction
Beach volleyball is a sport that is demanding both anaerobically and aerobically. Since teams of only two players take part in beach volleyball matches, players have to be active at all times, usually while exposed to high temperatures and sunlight, often playing barefoot on soft ground (Lejeune et al, 1988) . Moreover, tournaments are organized in such a way that participants play © Editorial Committee of Journal of Human Kinetics three matches a day (with only short breaks in between), during three consecutive days. During the competition, the heart rate often reaches 180.66±8.60 beats per minute (Davies, 2000) .
Available literature contains very few papers studying the physiological and biochemical changes induced by heavy physical exercise performed by players during matches (Zamparo et al, 1992; Zetou et al, 2008) . Table 1 .
On the first day of each phase studied, somatic measurements were taken, including body height and weight, as well as waist and hip circumferences. Body composition was measured by means of bioelectrical impedance analysis (BIA) with the Bodystat ® 1500 analyzer (Bodystat Ltd., UK), while peak oxygen uptake was determined according to Ästrand (1954) .
On the second day, players were exposed to an anaerobic test, which is a supra-maximal exercise in the form of a 30-second Wingate test.
Prior to the test and after its completion, heart rate (HR) was measured with the aid of a POLAR Accureex-Plus sport tester. The systolic (SBP) and diastolic (DBP) blood pressures were also determined in all subjects. Moreover, blood for biochemical analyses was obtained from the basilic vein and digital pulp.
Biochemical analyses
Lactate concentration was determined in capillary blood using the Boehringer-Manheim kit. The remaining biochemical parameters were determined from venous blood. using the following formula proposed by Matthews et al., (1985) : HOMAIR = CINS (μIU/ml) x CGLUC (mmol/l)/22.5.
Exercise protocol
In all five phases of the study, peak oxygen uptake (VO2 max) was determined during morning hours (8 a.m.-11 a.m. As shown in Table 5 
Discussion
The purpose of sports training is to induce morphologic and physiologic changes in order to increase physical efficiency, thereby improving exercise ability and reducing fatigue.
These aforementioned changes refer in particular to aerobic and anaerobic efficiency and are illustrated by the results summarized in Table 3 .
The training loads during preparatory and pre-Journal of Human Kinetics volume 27/2011, http://www.johk.pl competitive phases (Table 1) were characterized by the predominance of aerobic work which could be reflected by changes in body composition (Table 2 ). In reference to anaerobic capacity (which was evaluated using the Wingate test), the most favorable results were observed during the competitive phase (Table 3) , as confirmed by the highest average power and highest total work. However, the time at peak power was highest during the transitional phase, similar to value of peak power. The resting heart rate of the studied athletes was lowest during the competitive phase when compared to the other periods, being
another indicator of the cardiovascular system's growing adaptation to exercise. It should be noted that the analyzed volleyball players were characterized by a relatively high maximal oxygen uptake (Table 3) .
Although exercise metabolism of muscle cells plays a significant role in the muscle's ability to perform work, recent studies have concentrated on other factors limiting exercise ability. One group of such factors are reactive oxygen species generated during physical exercise (Cazzola et al, 2003; Franzoni et al, 2005) , and anotheradipokines that participate in carbohydrate metabolism (O 'Reilly et al, 2010) and in inflammatory reactions.
Regular physical exercise increases insulin sensitivity since it stimulates the muscular uptake of glucose related to muscular contraction (Santos et al, 2008) . It is also associated with an increased expression and translocation of GLUT-4 glucotransporters and their coding mRNA, and with the enhancement of signal cascade element expression such as substrate-1 of the insulin receptor and the receptor itself (Holten et al, 2004; McGee and Hargreaves, 2006) . Our previous studies revealed that regular physical exercise increases the affinity of insulin receptor to its agonists (Szcześniak et al, 1998) . During each phase of this study (with the exception of the third, i.e. competitive phase), the values of HOMAIR, fit within the range proposed by Matthews (1985) . During the third (competitive) phase, however, the insulin resistance index was above this reference threshold (Table 4) In our study, resting blood insulin concentrations during the competitive phase were highest when compared to other phases (Table 4) , confirming the findings of Kuo et al, (2006) . It should be noted that in our study, however, both glucose and insulin blood concentrations fit within respective reference limits in each studied phase (Table 4) . and MAPK (mitogen-activated protein kinase), with no influence on insulin binding itself (Fukuhara et al, 2005) . In this study, resting visfatin concentrations determined during the pre-competitive phase were twice as high as during the first and second preparatory phases and nearly three times higher when compared to the competitive and transitional phases (Table 4 ).
The test of maximal power was reflected by a decrease in the blood concentration of this compound in each of the study periods (Table 4 ).
This data is consistent with the results obtained The role of resistin in modulating insulin resistance is still controversial (Flier, 2001; Smith and Ravussin, 2002) . It has been suggested that resistin plays a role in inflammatory reactions since its over-expression has been observed in human macrophages (Patel et al, 2003) .
Additionally, a study by Reilly et al, (2005) revealed a relationship between resistin concentration and levels of inflammatory factors:
IL-6 and C-reactive protein (CRP).
Resistin concentrations at rest ranged from 7.4±1.64 to 10.1±2.76 ng/ml. After exercise they ranged from 8.1±1.55 to 9.6±3.06 ng/ml ( ng/ml in our study, whereas Perseghin et al (2006) claimed a mean value of 4.5±1.6 ng/ml in elite runners. Although one original article claimed that there was an association between resistin concentration and insulin resistance in obese rodents (Steppan et al, 2001) , further studies by Perseghin et al (2006) (Aslan et al, 1998; Goto et al, 2003 ). In the current study, TBARS concentration (D=34.57%) (Szcześniak et al, 1998) .
The supra-maximal test performed by our subjects caused changes in plasma antioxidant levels which may be interpreted as an adaptive response to high intensity exercise (Table 4) . Schneider et al (2005) revealed that an increase in plasma antioxidant levels was associated with exercise only at the highest of intensities. Other authors have also noted similar relationships (Vider et al, 2001) . Increases in plasma antioxidant levels following intensive exercise are probably related to translocation of these compounds from the tissues into the plasma. Duthie et al (1990) and Aslan et al (1998) showed that increases in plasma concentrations of uric acid were responsible for the highest increase in total anti-oxidative status.
In conclusion, this study revealed that: 
Conclusion
The physical training that beach volleyball players are subjected to during the annual cycle does not affect resistin levels but influences insulin, glucose, and visfatin concentrations, along with the markers of prooxidant/antioxidant balance.
